Downscaling Fourier transform infrared spectroscopy to the micrometer and nanogram scale: secondary structure of serotonin and acetylcholine receptors.
High signal-to-noise Fourier transform infrared (FTIR) spectra of the 5-hydroxytryptamine (serotonin) receptor (5-HT(3)R) and the nicotinic acetylcholine receptor (nAChR) were obtained by microscope FTIR spectroscopy using micrometer-sized, fully hydrated protein films. Because this novel procedure requires only nanogram quantities of membrane proteins, which is 4-5 orders of magnitude less than the amount of protein typically used for conventional FTIR spectroscopy, it opens the possibility to access the structure and dynamics of many important mammalian receptor proteins. The secondary structure of detergent-solubilized 5-HT(3)R determined by curve fitting of the amide I band yielded 36% alpha-helix, 33% beta-strand, 15% beta-turn, and 16% nonregular structures, which remained unchanged upon reconstitution in lipid membranes. From hydrogen-deuterium exchange, the secondary structure of the water-accessible part of 5-HT(3)R was determined as 14% alpha-helix, 16% beta-strand, 26% beta-turn, and 14% nonregular structures. Interestingly, we found that both the overall and the water-accessible nAChR secondary structures were nearly identical to those of 5-HT(3)R, in agreement with predicted structures of this class of receptors. This is the first time that structural investigations were obtained for two closely related ligand-gated ion channels under strictly identical experimental conditions.